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(57) ABSTRACT 

An active material of formula LiCu‘HxPO4 (Oéxé 1) Which 
could be used as cathode material in lithium primary and 
secondary batteries. 
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ACTIVE MATERIAL FOR LITHIUM 
BATTERIES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates an active material used for 
lithium ion batteries. 

2. Description of the Related Art 
Small secondary batteries are being used in increasing 

numbers to poWer portable equipment such as tools, toys, 
lighting, and more signi?cantly in consumer electronic 
devices such as computer, camcorder, cellular phones and so 
on. More recently, secondary lithium batteries have received 
reneWed interest With respect to employing a Li-insertion 
compound as anode instead of metallic Li to give the 
“lithium ion” batteries. This system, hoWever, require care 
ful selection of cathode and anode hosts. The layered 
LiMeO2 (Me: Co, Ni) [Mat. Res. Bull. 15 (1980) 783, J. 
Appl. Phys. 19 (1980) 305] and the three dimensional spinel 
oxide LiMn2O4 [Mat. Res. Bull. 18 (1983) 461, Mat. Res. 
Bull., 19 (1984)179] having a mid discharge voltage at about 
4V against lithium have become attractive cathode for 
lithium ion batteries. More recently, other type of cathode 
materials Were investigated for a possible use in lithium ion 
system. These compounds are composed of Nasicon related 
3D framework such as LixM2(PO4)3 (M: Ti, V, Fe) and 
M2(SO4)3 (M: Ti, Fe) [Solid State ionic 92 (1996) 1]. In the 
undisclosed Japanese patents 9-134 725, 9-134 724, 9-171 
827 and 9-134724 LiMPO4, M: Ni, Co, Mn, Cu Were 
claimed. These materials have an Olivine structure totally 
different from materials of the present invention. 

As for primary lithium batteries, there Were candidates of 
cathode materials of phosphate or arsenates of heavy metals 
such as Cu3(PO4)2, Ag3PO4, Cu3(AsO4)2 and Ag3AsO4 
[US Pat. No. 3,736,184]. HoWever these materials have not 
been put into practice so far. 

SUMMARY OF THE INVENTION 

The invention relates to a neW active material of formula 

LiCuMxPO4 (0x1) Which could be used as positive active 
material for lithium primary and secondary batteries. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1A shoWs the X-ray diffraction pattern of the mate 

rial LiCuPO4 of the present invention; 
FIG. 1B shoWs the X-ray diffraction pattern of the mate 

rial LiCu2PO4 of the present invention; 
FIG. 2 shoWs the cyclic voltammogram of the material 

LiCuPO4 of the present invention (Scan rate Was 2 
mV/min.); 

FIG. 3 shoWs the cyclic voltammogram of the material 
LiCu2PO4 of the present invention (Scan rate Was 2 
mV/min.); 

FIG. 4 shoWs the charge and discharge curves of the ?rst 
tWo cycles of a cell made of lithium counter, lithium 
reference and an electrode made of the active material 
LiCuPO4 of the present invention. In this case, the cell Was 
charged up to 5.3V and discharged doWn to 0.6V 
(D;Discharge,C;Charge); 

FIG. 5 shoWs the X-ray diffraction patterns of LiCuPO4 
after discharge; and 

FIG. 6 shoWs Cuzp XPS emission spectra of LiCuPO4 (A) 
before and (B) after discharge. 
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2 
DETAILED DESCRIPTION OF THE 

INVENTION 

The invention Will noW be described, by Way of non 
limiting illustrative examples, With reference to experiment 
Which the applicant has conducted and With reference to the 
accompanying ?gures. 

EXAMPLE-1 

LiCuMxPO4 (0§x§0.5) in accordance of the present 
invention Was prepared using an one stage reaction involv 
ing a stoichiometric mixture of Li2CO3, CuO and (NH4)2 
HPO4. The mixture Was ?rst ground in an agate mortar and 
pressed into a pellet at 400 kgf/cm2 and then calcined in air 
at 450° C. for 4 hours folloWed by heating at 800° C. for 24 
hours. The obtained material presented a blue color. 

EXAMPLE 2 

LiCu1+xPO 4 (0.5<x§ 1) in accordance of the present 
invention Was prepared using an one step reaction involving 
a stoichiometric mixture of Li2CO3, 2CuO, (NH4)2HPO4. 
The mixture Was ?rst ground in an agate mortar and pressed 
into a pellet at 400 kgf/cm2 and then calcined in air at 450° 
C. for 4 hours folloWed by heating at 800° C. for 24 hours. 
The obtained material presented a green color. 

FIGS. 1A and 1B, shoW the x-ray diffraction patterns of 
LiCuMxPO4 With x=0 and x=1, respectively, obtained 
according to the present invention. For material With x=0, 
the material presents many peaks making it dif?cult to index. 
Since this patterns couldn’t be indexed as mixed compounds 
of already knoWn Li, Cu and phosphate based materials, We 
therefore, believe that the material of the present invention 
corresponds to a neW phase. Similar patterns Was also 
observed for materials LiCuMxPO4 With (0§x§0.5). HoW 
ever for x=1, x-ray diffraction pattern could be indexed With 
orthorhombic symmetry and unit cell parameters: 
#531105 A, b=13.4310.5 A and c=4.91:0.5 A. Similar 
patterns Were observed for materials LiCu‘HxPO4 With 
(0.5 <x§ 1). 

FIG. 2 shoWs an example of the cyclic voltammeter of 
LiCuPO4. The material exhibits only one reduction peak at 
around 2.1 V Without corresponding oxidation peak. In this 
case, LiClO4/2EC+2DMC+DEC Was used as electrolyte at 
a scanning rate of 0.2 mV/min. 

FIG. 3 shoWs an example of the cyclic voltammeter of 
LiCU2PO4. The material exhibits only one reduction peak at 
around 1.85V vs Li/Li+ Without corresponding oxidation 
peak. An other small reduction peak Was observed at around 
1.2 V vs Li/Li”. In this case, LiClO4/2EC+2DMC+DEC Was 
used as electrolyte at a scanning rate of 0.2 mV/min. 

FIG. 4 shoWs the charge and discharge curves of the ?rst 
tWo cycles of the material LiCuPO4 of the present invention. 
The test Was conducted in glass cell type using LiClO4/ 
2EC+2DMC+DEC at a current density of 0.1 mA/cm2. The 
cell comprises a positive electrode (87% of the active 
material of the present invention, 5% carbon black, 8% 
PVDF), a lithium counter and a lithium reference. First the 
cell Was discharged to intercalate additional lithium into the 
material of the present invention. The cell shoWs a ?at 
plateau at 2 V vs Li/Li+ during the discharge process With a 
very high capacity of 600 mAh/ g. This large capacity reveals 
the formation of lithium rich material during the discharge 
process. 

FIG. 5 shoWs the X-ray diffraction pattern of LiCuPO4 
after discharge. TWo neW phases corresponding to Li3PO4 
and metallic copper Was obtained. This result reveals that 
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LiCuMxPO4 (Oéxé 1) material decomposes to lithium rich 
Li3PO4 and metallic copper during the discharge process. 
Therefore, the large discharge capacity observed in this 
material could be due to the decomposition reaction and 
formation of lithium rich Li3PO4. FIG. 6 shoWs the CuZP 
XPS emission spectra of LiCuPO4 before and after dis 
charge. After discharge, the peaks are shifted toWard loW 
binding energy of 932.5 eV characteristics of metallic cop 
per. This result con?rms clearly the presence of metallic 
copper in the discharge LiCuPO4. 

The invention relates to a neW active material of formula 

LiCuMxPO4 (0; xi 1) having different structure depending 
on X values and Which could be used as cathode material in 
lithium primary batteries With a capacity as high as 600 
mAh/g and a potential of 2V vs Li/Li”. 

10 

4 
What is claimed is: 
1. An active material for batteries comprising a meterial 

expressed by formula LiCuMxPO4 (02x21). 
2. The active material in accordance With claim 1, Wherein 

the structure is orthorhombic for 05<X§ 1. 
3. The active material in accordance With claim 2, Wherein 

the unitocell parameter of the orthorhombic cell are: a=5.31 
A105 A, b=13.43 A105 A and c=4.91 A105 A. 

4. A method of preparing the active material comprising 
the steps of: 

miXing and pressing ground Li2CO3, CuO and (NH4)2 
HPO4 at 400 kgf/cm2:50 kgf/cm2; and 

heating the miXture in at least tWo steps at 450° C.:50° C. 
and then at 800° C.:100° C. to produce an active 
material comprising a meterial expressed by formula 
LiCu1+xPO4 (Oéxé 1). 

* * * * * 


